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VACUUM UV ASSISTED ATOMIC LAYER DEPOSITION 



BACKGROUND OF THE INVENTION 

Field of the Livention 

The present invention relates generally to the field of semiconductors. More 
5 specifically, the presoit invention relates to atomic layer deposition on semiconductor 
devices and wafers. 

Description Of Related Art 

Semiconductor devices of future generation require thinner dielectric films for 
10 MOS transistor gates, and capacitor dielectrics. As oxides are scaled down, the tunneling 
leakage cuirent becomes significant and limits the usefiil range for gate oxides to about 1.8 
nm or more. 

High dielectric constant metal oxides such as HfOz (k=20~25), Zr02 (lc='20~25) 
and Hf and Zr silicates are considered alternative materials to silicon oxide (k?=3.9) to 

15 provide gate dielectrics with high capacitance without compromising the leakage current. 
However, prior art deposition techniques such as chemical vapor deposition (CVD) are 
increasingly unable to meet the requirements of advanced ttiin fihns. While CVD 
processes can be tailored to provide conformal films with improved step coverage, CVD 
processes often require high processing temperatures, result in incorporation of high 

20 impurity concentrations, and have poor precursor or reactant utilization efficiency. For 
instance, one of the obstacles of making high k gate dielectrics is the formation of an 
interfacial silicon oxide layer during CVD processes. Another obstacle is the limitation of 






prior art CVD processes in depositing ultra thin films for high k gate dielectrics on a 
silicon substrate. 

Atomic layer deposition (ALD) is an alternative to traditional CVD processes to 
deposit very thin* films. ALD has several advantages over traditional CVD. ALD can 
5 produce conformal thin film layers on non-planar substrates. More advantageously, ALD 
can control film thickness on an atomic scale, and can be used to "nano-engineer*' complex 
thin films. ALD can also be performed at comparatively lower ten:q>eratures which is 
compatible with the industry's trend toward lower ten^>eratures. Once such technique is 
described by A. Schurmann in U.S. Patent No. 5,916^65, titled "Sequential Chemical 
10 Vapor Deposition." However, even at these relatively lower temperatures, oxygen fix>m a 
metal oxide layer dLGEiises into Si substrates and fonns a SiOx sub oxide layer at the 
interface betwe^ gate or capacitor dielectric and the substrate, and degrades flie gate stack 
integration. Accordingly, further developments in ALD are highly desirable. 



15 growth problem for gate and capacitor dielectric applications. This problem is one of the 
major hurdle for implementing high-k materials in advanced device fabrication. 

A Xe excimer lamp was utilized by Kurosawa et al. for a room temperature photolitic 
CVD of SiOz fiom tetraethoxyorthosilicate (TEOS) on single crystalline AI2Q3 substrate. A 
schematic drawing of the reactor shown below is cited from the literature (Appl Phys. Lett., 

20 voL69, p.l399 (1996)) and is hereby incorporated by reference. A method for a room, or near 
room, temperature ALD would be advantageous by providing the benefits of ALD without 
the drawbacks of interfacial oxide growth. 



Accordingly, it is an object of the present invention to provide a method and system 
of forming films on semiconductor devices and wafers by atomic layer dqjosition at or 
near room temperature. 



substrate having a film deposited on the surface of the substrate in a vacuum UV (VUV) 
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Since late 90's, numerous papers have been reported on the interfecial oxide 
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SUMMARY OF THE INVENTION 



30 



These and other objects are achieved by the present method and system where a 



assisted atomic layer deposition process. A reactant gas or set of gasses is introduced into 
a vacuum chamber to react with a first layer of the film to convert the first layer into a 
mono-layer of a solid compound. Optionally, an oxidant gas is introduced in combination 
with reactant gas. Bxcess reactant gas is then purged from the chamber. The surface of die 
5 substrate is subjected to VUV radiation. Excess gas is again purged from the chamber. 
The cycle is repeated as necessary using the same or different reactant gases. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The present invention provides a novel atomic layer deposition method and system. 
10 When referring to the deposition aspect of the method, the abbreviation ALD if often used. 
In general the present invention provides an ALD method and system where a film is 
deposited on a substrate at room, or near room, temperature, often referred to as ambient 
temperature. The deposition is accomplished with the assistance of vacuum ultra-violet 
radiation (VUV). Generally, the steps of the mediod consist of placing a substrate into a 
15 vacuum chamber. Introducing a reactant gas, or combination of gasses, into the chamber 
to react with the substrate (a silicon surface or a layer of the ALD fihn) to convert the layer 
• into a mono-layer of a solid compound. Then the excess reactant gas or gasses are purged 
from the chamber. Then the chamber is evacuated of gases and the mono-layer on the 
substrate is irradiated with UV radiation. Re-purging the excess gas from the chamber, 
20 and repeating the cycle as necessary completes the process. 

One application of the present invention provides for the deposition of a high 
dielectric constant (high-k) metal oxides onto a silicon substrate. Of particular advantage 
to this application is that the deposition is performed at lower temperatures thereby 
suppressing the formation of interfadal oxide growth between dielectric and silicon 
25 surface. The method of the present invention can be performed at a temperature in the 
range of about ambient to 200^C, preferably at ambient t^perature. 

For example, oxygen containing metal-organic complex, such as Hf(t-BuO)4, Zr(t- 
BuO)4 etc., can be used as precursors for depositing HfDi and ZiOi onto a silicon 
substrate. The reaction can optionally include oxidant gases and proceeds at low 
30 temperature usmg the VUV-assisted ALD process of the present invention. 
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More specifically, in one aspect of the present invention, a method of dq>ositing a 
thin dielectric film on a substrate using VUV assisted ALD is provided. According to the 
presCTt method, a substrate, such as a silicon wafer, on which a fibn is to be d^osited, is 
placed in a reactor. The substrate can be of any type including a fihn deposited on a 
5 substrate as used in semiconductor processmg such as any gate dielectric or ceramic, 
including metal oxides, aluminates, silicates, nitrides, or pure metals. 

The reactor is a vacuum chamber equipped such that VUV radiation can be 
introduced into the chamber. The chamber must also be set up so that reactant gasses can 
be introduced and purged finom the chamber. An example of such a set up is disclosed by 

10 Kurosawa et al as discussed in background section of this application. A Xe excimer lamp 
can be used as a source of the VUV radiation. The Xe excimer lamp can be used for a large 
area irradiation, and therefore, it is a suitable energy source for photo-assisted ALD of ultrathin 
highrk gate dielectrics at a low deposition tmperature. Other UV sources, however, also can 
be used for large area irradiation, and therefore, may also be acceptable. The Xe excim^ 

15 lamp irradiates at a wavelength of 172 imi. Different types of lamps provide different 
wavelengths and correspondingly will deliver different photon energies. Irradiation at 
other wavelengths under 200 mn may be desirable d^ending on the particular {plication 
and the amount of photon energy required. 

A reactant gas is introduced into the reactor to react with the substrate or a sur£ice 

20 layer of film to convert the layer into a mono-layer of a sohd compound. The excessive 
reactant gas is evacuated J&om the reactor with an inert purge gas. Optionally, an oxidant 
gas can be introduced into the reactor. The chamber is not irradiated as these steps are 
performed; either the lamp is off or the lamp is on with the shutter closed. 

Thereafier, the lamp is turned on and the shutter is opened irradiating the chamber 

25 and the surface of the substrate. The duration of the irradiation is about 0.1 seconds to 10 
seconds. The vacuum strength is in the range of about 10 torr down to 1 x 10"* torr. After 
irradiation, the chamber is again purged to evacuate any excess reactant gas. This cycle 
can be repeated as necessary with the same reactant gasses or different ones, depending on 
the application. Typically, the cycle is repeated 10 to several hundred times. During 

30 subsequent cycles the duration of the irradiation, the wavelength of the irradiation, and the 
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strength of the vacuum can all be varied according to the needs of the specific application. 
Hie selection of the these variables dq>end on the nature of the reactant gases and the 
chemical bonds involved in Ate deposition. 

Having thus described the invention with the details and particularity required by 
5 the patent laws» what is claimed and desired protected by Letters Patent is set forth in the 
appended claims. 
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What is claimed is: 

1 . A method for depositing an atomic layer on a substrate comprising: 

(a) placmg a substrate into a vacuum chamber; 

(b) introducing reactant gas or gasses into the vacuum chamber; 

(c) purging any excess reactant gas from the vacuimi chamber, 

(d) irradiating the surface of the substrate with vacuum ultra-violet radiation; 

(e) re-purg^ng the chamber; and, 

(f) repeating steps (a) through (e) a plurality of times with the same or di^erent 
reactant gasses. 

2. The method of claim 1 further comprising introducing an oxidant into the chamber after 
st^ (c) and prior to step (d). 
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